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Abstract 

Manufacturing industries face many problems while they manufacture some component in terms of planning, design, process, 

inspection, monitoring and in end results. FMEA (Failure Mode Effect Analysis) is a tool that can assist the concerned person with 

the facility of getting the forecast of how the things should go to have the minimum failures and have a constant watch over the 

various events going on simultaneously with equal effectiveness in all. FMEA provides the data about the possible causes of failure 

their severity and detection with the data from past experiences so that those errors can be rectified into future. Our project deals 

with one of those components “The Processes” and the carrying out the FMEA for the same at Fine Cast Industries Pvt Ltd. The 

project aims to give recommendations to the Industry about changes or addition or subtraction from various process from starting 

to end so that a proper value of RPN (Risk Priority Number) can be achieved to minimise the failures and also improve the labour 

quality, certain fixed standards of assisting element used with various processes to minimise the floor time labour errors. This 

would ultimately lead to proper work and less rejections.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

 What is Casting: 

The casting or founding is the process of forming objects by putting molten metal in moulds and letting it solidity. Casting is one 

of the oldest manufacturing processes dating back to more than six thousand years. The products of the process known as casting 

are used extensively in engines, machine tools, automobile, aeroplane, house-hold appliances and many other fields. In fact, all 

metal cast at some stage of their production. Wrought materials are produced from ingots are cast in ingot moulds.  

Casting can be divided into six general classes commercially known as plain grey cast iron, alloy cast iron, malleable iron, steel, 

alloy steel and nonferrous casting. Most foundries specialize in one or two of the above types. It is rare that a foundary attempts at 

making all the six types. Castability of metals depend on many factors and castability index is high if the material has high fluidity, 

low shrinkage, low affinity for absorbing gases, low stresses and uniform strength. Material which are considered exceptionally  

good for casting include cast iron, copper base alloy, zinc, aluminium, nickel and magnesium. Some of the typical castings include 

pulley, flywheel, engine and machine blocks, machine tool beds, gear blanks, turbine blades, C.I. pipes etc. 

The steps involved in producing a casting in sand moulds are: 

1) Making a pattern and core box 

2) Making the mould and core in suitable sand, 

3) Melting and pouring the metal, 

4) Cleaning the casting 

5) Testing and inspection 

6) Reclaiming sand for reuse 

The exact procedure used may vary depending on the shape and size of the casting, number of castings to be produced, equipment 

available and the extent of mechanization in the plant. [1] 
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 MOULD: 

Mould making is a crucial step in the production of casting. Making a mould properly means a casting half done. It is because of 

this importance of the mould that casting processes are commonly classified according to the material used for making the mould. 

The material used for the mould and the process of making the mould result in good mould. Sand is the most common material 

used for the casting. Other material used includes metals, plasters, and ceramics. Sand moulds are made in mould boxes or flasks 

which are metal frames with sufficient adhesive are to support sand. In large flasks additional adhesive area is made available by 

providing cross bars in the flask. Most modules are made in two parts, the top part is called cope and the lower part is called 

drag.[2] 

II. RESEARCH ANALYSIS 

 Defects: 

Production of castings involves a large number of steps including casting design, pattern making, moulding, pouring, shake out, 

felting, inspection and finishing. It is not uncommon for one or more of these steps to be performed unsatisfactorily due to use of 

defective material or equipment, carelessness of the operator or lack of skill. Such unsatisfactory operations result in a defective 

casting which may be rejected at the final stage. Since reclamation of defective castings is often costly and sometimes outright 

impossible, care should be taken to avoid the occurrence of the defects in the first instance. It is therefore necessary to understand 

the various defects that occur in sand castings and the main factors that are responsible for their occurrence.[3]  

 Causes of Casting Defects: 

Defects may occur due to one or more of the following reasons: 

- Fault in design of casting pattern 

- Fault in design on mould and core 

- Fault in design of gating system and riser  

- Improper choice of moulding sand  

- Improper metal composition  

- Inadequate melting temperature and rate of pouring  

 Common Defects in Casting: 

 Misrun: It is a casting defect when the metal is unable to fill the mould cavity and thus leaving unfilled portion. 

a) Causes: 

- Fluidity of the molten metal is insufficient, 

- Pouring temperature is too low, 

- Pouring is done too low, 

- Cross section of the mould cavity is too thin. 

b) Remedies: 

- Adjust pouring temperature. 

- Modify design. 

- Modify gating system. 

 Inclusions: 

During the melting process, flux is added to remove the undesirable oxides and impurities present on the metal. At the time of 

tapping, the slag should be properly removed. If it mixes with the molten metal, defect s called inclusions (slag). Inclusions are 

any foreign materials present in the cast metal. These may be in the form of oxides, slag, dirt, sand or nails. Common sources of 

these inclusions are impurities with the molten metal, sand and dirt from the mould not properly cleaned, brake away sand from 

mould, core or gating system, gas from the metal and foreign items picked on the mould cavity while handling. 

a) Causes: 

- Faulty gating design. 

- Improper pouring. 

- Inferior moulding or core sand. 

- Soft ramming. 

- Improper flux. 

b) Remedies: 

- Improper or modify gating and pouring. 

- Use proper flux. 

- Provide proper ramming. 

- Use superior sand. 
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 Cold shut: A cold shut occurs when two portion of the metal flow together, but there is lack o fusion between them due to 

premature freezing. 

a) Causes: 

- Lack of fluidity in molten metal. 

- Faulty design. 

- Pouring temperature is too low. 

b) Remedies: 

- Improving the design. 

- By maintaining sufficient pouring temperature. 

 Shrinkage Cavity:     

This defect is depression in the surface or an internal void in the casting caused by solidification shrinkage that restrict the amount 

of the molten metal available in the last region to freeze. 

a) Causes: 

- Faulty gating and rise ring system. 

- Improper chilling. 

b) Remedies: 

- Modifying gating d rise ring system. 

- Modifying chilling. 

 Open Blow Holes: 

Open blows are smooth cavities or voids on the surface of the casting. Blow holes are bubbles of gas entrapped inside the casting. 

Both are caused by gases carried by hot metal. Blow holes are also caused by poor permeability of sand, too fine sand grains, over 

rammed moulds or insufficient venting.[4] 

a) Causes: 

- Unnecessary moisture in the moulding sand. 

- Low permeability and excessive fine grain sands. 

- Use of excessive organic binders. 

- Cores neither properly baked not adequately vented. 

b) Remedies: 

- Regulating the moisture content. 

- Baked cores properly. 

- Cores and moulds should be properly vented. 

- Proper use of organic binders. 

 Porosity: 

This defects occurs in the casting in the form of pin hole porosity or gas porosity. Hydrogen is responsible for pin porosity. Gases 

will be absorbed b liquid metal. Ehen the metal solidifies, the solubility decrease and gases will be released and create small voids 

throughout the casting called porosity.   

a) Causes: 

- High moisture and low permeability. 

- Gas dissolved in metal charge. 

- Less flux used. 

- High pouring temperature. 

b) Remedies: 

- Increase flux proportions. 

- Ensure effective degassing. 

- Reduce moisture increase permeability. 

 Hot Tearing:  

This defect, also called hot cracking occur when the casting is restrained or early stages of cooling after solidification. 

a) Causes: 

- Lack of collapsibility of core and mould. 

- Faulty design. 

- Hard ramming. 

b) Remedies: 

- Improve collapsibility. 

- Modify design. 

- Provide soft ramming. 

 Hard spots:  

Hard spots on surfaces are generally developed on iron casting rich in silicon content due to local chilling of those spots by 

moulding sand. 
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a) Causes: 

- Faulty metal composition. 

- Faulty casting design. 

b) Remedies: 

- Improve metal composition. 

- Improve casting deign. 

 Warpage:   

If the deformation takes place due to internal stress developed in the casting or due to differential solidification in different section, 

it causes warpage. 

a) Causes: 

- Improper directional solidification.  

- Continuous large flat surface. 

b) Remedies:  

- Proper directional solidification. 

- Modify casting design to break continuity. 

 Swells:   

If there is an enlargement of casting surface because the mould will backward due to liquid metal pressure and the size of cavity 

increases that is called swells? 

a) Causes: 

- Soft ramming of mould. 

- Low strength of mould core. 

- Mould not property supported. 

b) Remedies: 

- Provide harder ramming. 

- Increase strength of mould and core. 

- Provide adequate support mould. 

 Cracked casting:  

These are cracks caused by inability of the casting to cope up with internal stresses resulting from solid shrinkage of the metal. 

Immediately after solidification some metals have a low strength and if stresses set up are high, cracks develop in the casting.[5] 

 Bent or twisted casting:  

When the casting has a wide variation in its sections, internal stresses are often set up in it due to differential cooling in the thick 

and thin areas.  This leads to casting warpage.  

 Dropped mould:  

This defect occurs due to a portion of the mould braking and dropping into the metal. This may occur when the sand mix has a low 

green strength or it has not been properly rammed or reinforced. It appears as an irregular deformation of the casting.  

 Fusion:  

When the mould sand does not have enough refractoriness or the metal is poured at very high temperature or the facing sand is of 

poor quality, the sand may melt and fuse with casting surface. This makes it difficult to clean the castings and gives them a rough 

glossy appearance. 

 Run out:  

A run out occurs when the molten metal leaks out of the mould during pouring. This caused by defective moulding boxes, faulty 

clamping and weighting and by casting too near the edge of the box. 

 Mismatch:  

A mismatch is caused by the cope and drag parts of the mould not remaining in their proper portion.  This is caused by loose box 

pins, inaccurate pattern dowel pins or carelessness in placing the cope on the drag. 

 Rat tail and Buckles:  

Rat tails and buckles are caused by the expansion of thin outer layers of moulding sand on the surface of the mould cavity due to 

metal heat. A rat tail is caused by depression of a part of the mould under compression which appears as an irregular line on the 

surface of the casting. A buckle is more severe failure of the sand surface under compression. 

 Scabs:  

Scabs are rough, irregular projections on surface of castings containing embedded sand. Scabs occur when a portion on the face of 

mould or core lift sand metal flows underneath in a thin layer. They caused by using too fine sand grains or using sand of low 

permeability or moisture content. They may also be caused by uneven mould ramming or by intense local overheating. 

After studying all this defects we come to know how they produce in the product and its effect in the casting. So now we have 

to resolve this defect by doing FMEA.  
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 Failure Mode and Effect Analysis  

FMEA is the most known method for failure analysis. An FMEA is the first step for checking the system reliability study. It 

involves the reviewing as many components, assemblies and subsystem as possible to identify failure modes, and their causes and 

effects. Foe each components, the failure modes and their effects are recorded on the specific FMEA worksheet. There are mainly 

three types of analysis exist, such as 

1) Functional 

2) Design, and 

3) Process 

Here, in this project we focus on the different process of the castings so done the FMEA according to the Process type. 

There are many processes in the casting like, 

1) Sand Preparation 

2) Moulding 

3) Melting 

4) Pouring 

5) Cooling 

6) Grinding 

7) Shot Blasting 

8) Final Inspection 

Each process having the sub-process, so we consider this sub-process to identify the main source of the defects. 

Here are the FMEA of the different process. 

III. CONCLUSION 

After performing the FMEA of various processes the RPN values have been generated and comparison of the same is shown in 

the graph above. In some process where the criticality of the process in not much important, the RPN remains unchanged or is less 

affected but the process where there is a large difference in the RPN is more critical. Following is the decreasing order of the 

critical processes that the company needs to follow to reduce RPN and the number of rejections. 

1) Grinding process 

2) Melting considering carbon and silicon. 

3) Melting considering silica and manganese. 

4) Moulding considering mould closing and core setting. 

5) Pouring process. 

6) Priming process. 

7) Sand preparation considering permeability.  

 
Note: The Company has started using some recommendations and is looking for others that we have proposed them through this 

project. Floor shop inspection, manpower knowledge about the process and its dependence on other process has been seen 

improving. The recommendations are not costly and can be performed easily with due considerations. 
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